This paper examines the effects of different introductory microeconomics textbooks on student performance in subsequent economics courses (specifically Intermediate Microeconomics I and Money and Banking). It finds evidence that in some cases the effects are significant and sizeable. It also provides evidence of other variables affecting student performance in later courses such as taking first-year microeconomics by distance, math background, effects of having taken other economics courses and the time between introductory economics and later courses. 
Introduction
The primary aim of this paper is to see if the choice of introductory microeconomics textbook has a lasting effect on students. It does this by seeing if students who used different textbooks when they studied introductory microeconomics perform differently when they take later economics courses. It finds limited evidence that in some cases the choice of introductory microeconomics textbook does affect student grades in Intermediate Microeconomics and Money and Banking.
This appears to be a unique contribution. The author could find no evidence of others who have attempted to empirically test the effects of different textbooks in economics or other disciplines. However, Fleisher, Hashimoto and Weinberg (2002) use a somewhat similar approach in examining the effectiveness of foreign graduate teaching assistants compared to their domestic counterparts.
The paper also provides evidence of other factors that effect student performance in economics such as methods of delivery (i.e. distance versus traditional), math background, effects of having taken other economic courses and the time between introductory economics and later courses.
The data in this paper is drawn from records of students who took introductory microeconomics between the Fall term of 1995 and the Winter term of 2005 at Memorial University of Newfoundland. In the 2004-2005 academic year, Memorial had 17 785 students enrolled. Being the only university in the province of Newfoundland and Labrador, there is an advantage in using this data as students are likely to be more representative of the overall student population than students in other jurisdictions. This is because in other jurisdictions, the greater choice of universities would likely result in individual institutions attracting and accepting different types of students.
The next section of this paper will examine the effect of the choice of introductory microeconomics textbook on student performance in Intermediate Microeconomics I. The subsequent section will examine the effect on student performance in Money and Banking. Section 4 will discuss the results and conclude the paper.
Intermediate Microeconomics I
Ideally one would use performance in principles of microeconomics as the measure of the effectiveness of principles textbooks. The problem with this approach at Memorial University is that there is widespread adjustment of grades in introductory economics. This makes grades in introductory economics a questionable measure of performance. Thus, grades in subsequent courses will be used instead.
In many ways, student performance in Intermediate Microeconomics I seems an appropriate choice for measuring what students learnt in Introductory Microeconomics. To see this, consider the course descriptions in the university calendar:
It will be noted that there is a close correspondence between the topics covered in the two courses. Given that the topics in Intermediate Microeconomics I build on those covered in Introduction to Microeconomics I 1 , it is reasonable to assume that the better the foundation a student has in introductory microeconomics, the better he will do in Intermediate Microeconomics I.
Two other aspects of the course description for introductory microeconomics should be noted. The first is the requirement that indifference curves be covered. As several textbooks no longer contain material on indifference curves, this narrows the range of textbooks that are likely to be adopted. The second is that the course description is more detailed than descriptions for similar courses at many other institutions. This narrows instructor discretion on the choice of topics. Thus differing performances of otherwise identical students in Intermediate
Microeconomics are less likely to be a result of different coverage in first-year and are more likely due to the way material was presented.
The close mapping of topics is to some extent a two-edged sword. It could be argued that student performance in Intermediate Microeconomics I is too dependent on their knowledge of the particular topics covered in principles and not their ability to "think like economists" which many argue should be the goal of economics courses.
There are other disadvantages in using student performance in Intermediate
Microeconomics to evaluate textbooks. First, the sample size is relatively small. Second, only economics majors and minors are required to take the course. Given that 10 039 2 students completed principles of microeconomics during the period in question, the 553 students who took Intermediate Microeconomics are likely to be those with the most positive view of economics.
Section 3 will attempt to overcome these disadvantages by replacing Intermediate
Microeconomics with Money and Banking. The trade off will be giving up the advantage of the close mapping of topics covered.
The data
Information on the textbooks is given in Table 1 . The books will be referred to by the last name of the first author. This is done (i) for brevity; (ii) to avoid confusion in cases where the coauthors have changed over the sample period; and (iii) because users of international and American editions of these books are unlikely to be familiar with the Canadian coauthors.
-Insert Column 2 of Table 2 gives the means and standard deviations of all the independent variables used in this section.
-insert table 2 around here.
2 This figure, as well as others regarding the total number of students, involved some double counting in cases where students took courses multiple times. However, this double counting has been eliminated from the sample used in the analysis. 3 The dependent variable grades have a higher standard deviation than the prerequisite courses, in part, because it includes both students who have passed and failed the course. The grades for the prerequisite courses are generally those of students who passed the prerequisite courses.
The first independent variable is a dummy variable for the 4% of students who made a previous attempt at Intermediate Microeconomics but dropped after the first two weeks of classes.
The required prerequisites for Intermediate Microeconomics I are Introduction to Microeconomics, Introduction to Macroeconomics and Calculus I 4 (or equivalent course). Thus, grades in each of these courses are independent variables in the initial regressions. The grades are recorded as percentages. For students who made multiple attempts at these courses, the grade in their last attempt prior or concurrently to taking Intermediate Microeconomics I is used, even when this is not their highest grade. It might be argued that the highest grade might reflect the case in which the student learnt the most. However, the most recent grade is more likely to reflect the student's knowledge when he enrolled in Intermediate Microeconomics.
Dummy variables for students who made multiple attempts at the prerequisite courses are also included. Some students attempted introductory microeconomics and introductory macroeconomics up to four times and Calculus I seven times. Nonetheless, the majority of students who repeated these courses only did so once so no effort is made to control for students who made more than one previous attempt.
Since it is recommended that students take Calculus I rather than "equivalent" courses (e.g. Differential Calculus I), a dummy variable is included for students who took equivalent courses instead.
Some students took introductory microeconomics by distance. As this is a significantly different way of presenting the material, a dummy variable is included for these students. A textbook author pointed out that there may be significant differences between editions of a given textbook. Nonetheless, this writer felt that there would be serious measurement problems in having separate dummy variables for different editions of a given textbook. This is because there is strong anecdotal evidence that the use of second hand books is widespread even when editions change. Indeed, a show of hands in one class indicated that just after the 5 th edition of Parkin came out, at least 1/3 of students were using an older edition.
5 Those offered by the economics department would be counted as additional economic courses but those offered by other departments will not enter anywhere in the regression. 6 In one case the instructor dummy will also control for any regional effects for students who took introductory microeconomics at a satellite campus. It will also pick up any effects from the smaller class size on that campus.
The observations on the dependent variable are from the sections of Intermediate
Microeconomics offered from the spring of 1996 to the winter term of 2005. A total of 553 students completed Intermediate Microeconomics during the sample period. However, a number of observations had to be dropped because 1. The student had already taken Intermediate Microeconomics and received a grade on his previous attempt.
2. Prerequisite courses were transfer credits from other institutions. In these cases the numerical grades are not recorded in their Memorial University records.
3. They were exchange students whose academic records were not available.
4. Introductory microeconomics was taken before the Fall term of 1995 (information on the instructors for these students was not available).
5. A handful of students did not have the prerequisite courses (likely given special permission to take Intermediate Microeconomics I).
6. A few cases where I have not managed to track down the textbook used and/or instructor.
This reduced the sample size to 308. This is significantly smaller than the 2033 for the Money and Banking case discussed in section 3.
Estimation and Analysis
The basic premise of this section is that if introductory microeconomics textbooks have different effects on student learning, those differences should be reflected in student performance in Moreover, in three of the eight possible pairings, one of the textbooks was only represented by a single observation. In the only case of more than 10 observations of each textbook, no significant difference was found 8 . In cases of multiple comparisons of the same textbooks, the individual t values were consolidated and the resulting test statistic was tested against the null hypothesis of its value being zero 9 . In each of these cases, the overall t statistic was found to be insignificant.
It should be noted that this analysis does not control for other explanatory variables that may differ between groups. When the process was repeated for control variables, the mean values of several control variables were significantly different. This included the one pairing with more than 10 observations of each textbook. As the results of these tests were very unconvincing, the related tables are not included here but are available on request from the author.
Given the unconvincing nature of the above results, this paper will proceed with regression analysis to analyze the data. Collectively, students in the whole sample were exposed to 6 introductory microeconomics textbooks. However, in two cases there was perfect collinearity between the textbooks and instructors. In one (O'Sullivan), there was only a single observation which was dropped. In the other (McConnell), there were 10 observations. In this case, both the instructor and textbook were made part of the control group. However, the other textbooks should not be compared to McConnell as it is not possible to separate the effects of this textbook from introductory and intermediate microeconomics instructors in the control group. All other textbooks in the sample were used by multiple instructors.
Initially the model was estimated with OLS regression. Various diagnostic tests were performed. During the process, null hypotheses of homoskedasticity were soundly rejected. In particular, the models failed Harvey, Glejser, Breusch-Pagan-Godfrey and dependent variable heteroskedasticity tests at the 1% level of significance 10 . Thus, although the estimated coefficients would still be unbiased, the t and F statistics could be called into question.
Unfortunately, the above tests did not give any useful clues as to the form of heteroskedasticity. Therefore, the model was re-estimated using White's heteroskedastic-consistent covariance matrix estimation. This will not change coefficient estimates but will change the t and F statistics.
Initially the model is estimated with all the variables and then a general-to-specific model reduction approach is applied. The third column in Table 2 It may seem surprising that the introductory microeconomics grade was insignificant.
One possible explanation for this is to remember that the reason it was not used as the dependent variable was due to concerns about grade adjustments in the course. If students taking the course with a given instructor and textbook did worse than students with other instructors, one would expect their grades to be adjusted upwards by a greater amount. Another explanation is that other variables such as the student's average grade did a better job of capturing student ability 11 .
Indeed, there was a high degree of collinearity between average grades and grades in specific courses. Regardless of the explanation, none of the results discussed below are affected by the exclusion or inclusion of this variable.
For every term between taking introductory microeconomics and Intermediate
Microeconomics, a student's expected mark went down by almost a percentage point. Taking introductory microeconomics by distance reduced a student's expected grade by almost 8%.
Both of these coefficients were significant at the 5% level. These were the only significant variables directly related to introductory economics courses.
It is not clear whether the effects of taking economics by distance are caused by the mode of delivery or are a characteristic of the type of student that chooses this mode of delivery. It should be noted that this result agrees with the findings of Brown and Liedholm (2002) that taking introductory microeconomics as a web course has a negative effect on student learning. It also agrees with Anstine and Skidmore (2005) who find that taking MBA economics courses by distance has a negative effect on learning. However, it disagrees with Navarro and Shoemaker (2000) and Agarwal and Day (1998) who find positive effects on learning from taking economics 11 An anonymous referee provided this explanation.
courses with internet technology. It also disagrees with section 3 of this paper that finds distance education has no significant effect on subsequent student performance in Money and Banking.
Possible reasons for this difference will be discussed in section 4.
The affect of additional economics courses were statistically significant at the 1% level.
Each additional course increased a student's grade in Intermediate Microeconomics by 1.5
percentage points. This is likely to be, at least in part, due to these students having a better background in economics. However, it may also be picking up students who like economics better and hence work harder in economic courses.
The only significant math variable was the qualitative one for students who took The student averages over all courses was highly significant, indicating that students who are "good" overall tend to be good in Intermediate Microeconomics. Moreover, the value of the coefficient exceeds 1, indicating that better students do proportionately better in economics courses 12 . When it is dropped from the regression, adjusted R 2 drops by over 0.2, indicating that this is an important explanatory variable.
In the reduced model, the values of the coefficients for the Introductory Microeconomics instructors ranged from -15 to 15. The effects of the Intermediate Microeconomic instructors ranged from -15 to 5.
Two of the coefficients for the textbook dummies are significantly different than the control group. However, given that the control group includes specific instructors, it would be incorrect to make inferences with regard to the control textbook.
The variable for taking intermediate microeconomics in the spring term was significant at the 5% level. The remaining variables are insignificant but left in the regression as it was felt that the p-values were low enough for the risk of omitted variable bias to be a concern.
13 Table 3 contains the p-values for the F statistics for differences in textbook coefficients for the reduced model. Only Parkin is significantly different than last placed Mankiw at a 5% level of significance. Otherwise identical students using Parkin in principles can expect a grade over 9% higher than those using Mankiw. The 7% difference between Lipsey and Mankiw is significant at the 10% level. Thus, at least in some cases, textbooks seem to produce different learning results.
-insert table 3 around here. 12 The coefficient is significantly different than 1 at the 1% level of significance. As an aside, the marks were manually entered into the data file. During the process it became obvious that students with high averages did better in their economic courses than their average grade. Conversely, students with low averages did worse in their economic courses than their average. 13 The recommendation of Kennedy (2003, 413) was used here. Hence all variables with a t statistic greater than 1.0 were retained.
It should be noted that the above textbook comparisons assumed that instructor and textbook affects are separable. To test this, the data set was reduced to those introductory instructors who used multiple textbooks and had students who went on to intermediate microeconomics. The final model specification of Table 2 was treated as the restricted model (however, the distance variable was dropped as none of these instructors taught the distance course). In the unrestricted model, the dummy variables for introductory instructors and textbooks were replaced with dummy variables for each instructor/textbook combination. An F test was than conducted. The F statistic was 0.031141, which is highly insignificant.
It should be noted that Stiglitz was the textbook used by distance students. It is possible that distance and nondistance students may receive different benefits from the textbook.
However, an interactive term between the Lipsey and the distance qualitative variables would suffer from perfect collinearity with the distance variable. Thus, the distance variable may be picking up different textbook effects between these two groups of students.
Robustness
Attempts were made to add a number of interactive and quadratic variables in case any important effects were omitted. Examples included interactive terms between grades in introductory microeconomics and the qualitative variables for repeating the course, and for taking it by distance. Likewise interactive terms between the student's grades in Calculus I and Introduction to Macroeconomics and the qualitative variables associated with them were added.
Moreover, interactive terms between the student's average grade and other variables were generated. Likewise with the number of additional economic courses taken and other variables.
For reasons discussed previously, it was felt that the textbook edition could not be controlled for directly. Nonetheless, an attempt was made to indirectly control for it by generating a time variable which increased by one in successive terms and interacting this with the textbook dummies. In no case, were the results significantly affected. Thus, the results seem to be robust.
For additional checks of the robustness of these results, estimation with maximum likelihood procedures and various assumptions on the form of heteroskedasticity were attempted 14 . In all cases, the ranking was unchanged but in general, the differences were more significant. When variance was assumed to be a linear function of the independent variables, Lipsey and Mankiw differed at the 1% level. Lipsey and Stiglitz, as well as Parkin and Mankiw were significantly different at the 5% level. Parkin and Stiglitz differed at the 10% level. When the standard deviations were assumed to be a linear function of the independent variables all differences except for the one between Mankiw and Stiglitz were significant at the 1% level.
That difference was significant at the 10% level. When dependent variable heteroskedasticity was controlled for, the only significant differences were between Lipsey and Mankiw, and Lipsey and Stiglitz. Both of these differences were significant at the 5% level. Thus, the hypothesis that the choice of introductory microeconomics textbook can have a significant effect on student learning appears to be robust with respect to the form of heteroskedasticity assumed.
Furthermore, the ranking is robust. Nonetheless, White's method is highlighted as it produces consistent results when the true form of heteroskedasticity is unknown. Moreover, the estimates of the coefficients are unbiased.
Money and Banking
This section will use a student's grade in Money and Banking as the dependent variable. Doing so has a number of advantages. One is that the sample size is significantly larger in this case:
2033 versus 308.
14 The maximum likelihood estimation techniques built into the Shazam version 9 software package were used in these cases. For details, see Diana Whistler et al.
A second advantage is that the sample is less likely to be one of students who have a taste for economics. Money and Banking is only a required course for business students. A large majority of these students have only taken the other two economic courses they are required to take (Introduction to Microeconomics and Introduction to Macroeconomics) 15 . Thus, they do not appear to have a particular taste for economics. On the other hand, it is doubtful if after taking principles many students will decide to change majors simply because they are required to take three additional credit hours of economics (business students are required to take a total of 141 credit hours to obtain their degree). Thus, when it comes to preferences for economic courses, it is likely that these students are a more random sample than those taking Intermediate
Microeconomics. In addition, having taken fewer economics courses, the effects of introductory textbooks should be greater as it is often their only background in economics.
A final "advantage" is the mixed blessing of a weaker link between the subject matter of Introduction to Microeconomics and Money and Banking. Hopefully the ability of a student to understand economic reasoning will play a heavier role relative to their knowledge of the specific topics covered in introductory microeconomics.
The data
The first column of Table 4 lists the independent variables. The second column gives the mean and standard deviations of these variables (the mean and standard deviations of the dependent variables are 62.495 and 14.138, respectively).
-insert table 4 around here.
15 A referee pointed out that the business courses these students have taken may contain material related to economics. Anecdotal evidence based on the opinions of Money and Banking instructors suggests that the economic knowledge of the business students in their courses is limited. However, it is possible that the number of economic courses these students have taken is not a good measure of their background in economics. Microeconomics case, only 29% had taken no additional economics courses). Thus, these students do not appear to have a taste for economics. As with Intermediate Microeconomics, the majority of students took principles courses which used Lipsey.
One additional textbook was used during this period whose observations were dropped from the sample used for regression analysis. A single instructor was the only one to use textbooks by McConnell and by Blomqvist and used no other textbooks. This created multicollinearity problems. Thus, the 7 students who took introductory microeconomics with the textbook by Blomqvist were dropped from the sample used in regression analysis. Therefore, except for the 68 observations in the control group, all the textbooks in the results reported here were used by multiple instructors.
The observations on the dependent variable are from Money and Banking sections from the Spring of 1998 to the Winter of 2005. A total of 2 592 students completed the course but some of these had to be dropped for reasons given in section 2. In addition, the observations associated with the two previously mentioned textbooks were dropped from the regression analysis. This reduced the sample size to 2 033.
Estimation and Analysis
Analogous to section 2, we could consider the 5 introductory microeconomics instructors who used multiple textbooks. Holding Money and Banking instructors constant, an attempt was made to separate their students into different groups depending on the textbook used. In this case there were 29 pairings, 8 of which contained at least 10 observations of each textbook being compared 17 . None of these large pairings contained any significant differences in Money and Banking grades. However, this analysis did not control for other explanatory variables. Several of these other explanatory variables exhibited significant differences in the pairings. consolidated for pairings of given textbooks, the resulting test statistic was significant in many cases. Thus, it is necessary to condition with regression analysis.
The model was first estimated with a simple OLS regression. Various diagnostic tests were then performed. During the process, null hypotheses of homoskedasticity were soundly rejected. In particular, the models failed Harvey, Glejser, and Breusch-Pagan-Godfrey tests at the 1% level of significance. As the tests did not give any clues as to the form of heteroskedasticity, White's heteroskedastic-consistent covariance matrix estimation was used to control for the heteroskedasticity. However, unlike the Intermediate Microeconomics case, the results were not significantly affected when heteroskedasticity was controlled for.
Column 3 of Table 4 contains the coefficient estimates (with p-values in parentheses).
As with Intermediate Microeconomics, the student's average grade and the number of additional economic courses taken are significant at the 1% level. However, although the effects of the student's average grade are similar, the effects of additional economic courses are smaller. Each additional economics course increases his grade in Money and Banking by less than 1%, while it increased his grade by 1.7% in Intermediate Microeconomics.
The coefficient for a student's grade in introductory microeconomics is negative and significant. The sign is counter intuitive. Nonetheless, it should be noted that there is significant multicollinearity between grades. For example, the coefficient of linear correlation between grades in introductory microeconomics and average grades is 0.60673. When average grade is dropped, the coefficient for introductory microeconomics grades becomes positive and significant at the 1% level.
Unlike the Intermediate Microeconomics case, the dummy variables for taking courses by distance are insignificant. The term dummies are individually insignificant compared to the control group but an F test on the difference between the ones for taking introductory macroeconomics in the Winter term and taking it in the Summer term has a p-value of 0.05692.
Unlike the Intermediate Microeconomics case, the number of terms since the student took Introduction to Microeconomics does not seem to be significant. The remaining variables are also insignificant. Nonetheless they are left in as the additional degrees of freedom gained by dropping them are marginal, given the sample size.
The ordinal ranking of the textbook dummies are different than was the case with Intermediate Microeconomics I. Parkin still has the highest value but Mankiw is now second, followed by Lipsey and than Stiglitz. All except Stiglitz are significantly different than the control group but for reasons given earlier, little should be read into this.
The results of F tests for differences in the effects of the textbooks are presented in Table   5 . The only significant differences are between Stiglitz and the other textbooks. Stiglitz is significantly different from Parkin at the 5% level and from the other textbooks at a 10% level of significance. Students in introductory microeconomics sections using Parkin can expect a grade in Money and Banking that is over 5% percentage points higher than their counterparts who were in sections that used Stiglitz.
-insert table 5 around here.
As in section 2.2, it should be noted that the above textbook comparisons assumed that instructor and textbook affects are separable. To test this, the data set was reduced to those introductory instructors who used multiple textbooks and had students who went on to take
Money and Banking. The final model specification of Table 4 was treated as the restricted model (however, the distance and campus variables were dropped as they did not apply to these instructors). In the unrestricted model, the dummy variables for introductory instructors and textbooks were replaced with dummy variables for each instructor/textbook combination. An F test was than conducted. The F statistic was 1.3413, which is highly insignificant.
Robustness
To check the robustness of these results, estimation with maximum likelihood procedures and various assumptions on the form of heteroskedasticity were attempted 18 . These had no significant effects on the results.
Also to check the robustness of these results with relation to the choice of variables, attempts were made to add many additional variables. These included various interactive variables. Additional qualitative variables were also generated and interacted with other variables. None of these affected the textbook results.
The only change that affected the results was the removal of the variable for the student's average grade. When the student's average grade was dropped, the textbook differences became insignificant. Moreover, the signs and significance of several explanatory variables changed.
However, given the low p-value of the student's average grade, this paper will argue that many of those changes are due to an omitted error bias. Dropping other variables had no significant effect on the results. Thus, the results appear fairly robust with respect to the choice of variables.
Further Discussion and Conclusions
One difference in the results of sections 2 and 3 involves the effects of distance education.
Section 2 found that taking introductory microeconomics by distance had a negative effect on student performance in Intermediate Microeconomics. Section 3 found no such effect for Money Microeconomics are greater, supporting the findings of Brown and Liedholm (2002) .
The main finding of this paper is that it appears that the choice of introductory microeconomics textbook can have an effect on student performance in later courses. The results appear to be strongest in the case of Money and Banking. Nonetheless, in most cases it is impossible to reject the hypothesis that most textbooks produce identical results in student learning. Moreover, the particular textbook that the majority differs from depends on what course a student subsequently takes.
There are several possible explanations for the differences between the two cases. One is simply that the bigger sample size in the Money and Banking case gives more accurate estimates.
Moreover, students taking Intermediate Microeconomics have, on average, taken more courses in economics. This may reduce the effects of introductory textbooks. Another explanation involves the differences in the content of the two courses. The topics in Intermediate
Microeconomics correspond closely to those covered in Introduction to Microeconomics. It could be that all textbooks cover the mechanics of these topics fairly satisfactory. However, as the topics may not correspond directly to those covered in Money and Banking, the lasting effect in that case may be felt by books that are better at teaching students how to think in terms of The coauthors of the Lipsey textbook changed three times during the sample period.
b As explained in the paper, these were dropped due to multicollinearity problems. 
